Chilean Nitrate Fields. by Hanna, Rea
THE JOURNAL OF I S D U S T R I A L  
sideration of methods postponed for the present. The follow- 
ing special committees were appointed to consider the various 
subdivisions of the main subject: Fats and Oils, Mr. Loveland, 
chairman, and Mr. Richardson; Cotton Seed Foots and Cotton 
Seed Black Grease, Mr. Wesson, chairman, and Mr. Twitchell; 
Cotton Seed Foots Soap, Mr. Low, chairman, and Mr. Wesson; 
Crude and Dynamite Glycerine, Mr. Langmuir, chairman, 
Mr. Devine and Mr. Hyde. The general plan of procedure 
includes the consideration of the best methods at present 
in use for the various determinations and co-operative work 
on standard samples by analysts skilled in the various lines 
of work using the methods selected; the formulating of 
definitions of words requiring definition; and the drawing 
up of standard methods of analysis. 
All analysts who are interested in the work or who are will- 
ing to co-operate in i t  are invited to correspond with the 
chairmen of the special committees, or with the chairman of 
the subcommittee. W. D. RICHARDSOX. 
QUOTATIONS. 
CHILEAN NITRATE FIELDS. 
(From Daily Consular and Trade Re$ort, No. 3327, Nov. 10, 1908.) 
The following report concerning the nitrate fields of Chile, 
and the manner of producing nitrate of soda and iodine, 
is furnished by Consul Rea Hanna, of Iquique: 
The Camarrones Valley, in latitude rg0  south, marks the 
northern limit of any appreciable deposits of nitrate, and 
Carizal Valley, in latitude 26O south, marks thesouthern 
limit. Within this zone, which has a length of some 5 0 0  
miles, deposits of salitre, or nitrate of soda, have been dis- 
covered in five different districts as follows, running from 
north to south: ( I )  The pampa of TarapacB, included 
between south latitudes 18’ 30‘ and 21O, with the ports of 
Iquique, Caleta Buena, Junin, and Pisagua, and a railway 
running from Iquique, to Pisagua, connecting all the impor- 
tan t  nitrate plants; (2) the pampa of Toco, on the banks 
of the small river Loa, which furnishes power for someof 
the plants, in latitude z z o  south, with the port of Toco- 
pilla, and a railway to the principal nitrate works; (3) the 
pampa of Antofagasta, in latitude 2 3 O  south, traversed by 
the railway from Antofagasta, the port, to Oruro, Bolivia; 
(4) the pampa of Aguas Blancas, in latitude 2 4 O  south, 
with the port of Caleta Coloso; ( 5 )  the Taltal Pampa, be- 
tween south latitudes 25O and 26O, with the port of Taltal. 
Crystallized nitrates appear in very small quantities only, 
being found in commercially valuable amounts in a mix- 
ture of chlorides, sulphates, and other salts, together with 
earth and rock, commonly called caliche. 
In technical works on this subject, the local names of the 
strata are usually employed. The accompanying sketch 
gives an idea of the average formation in the Pampa of 
Tarapacd, which is the most important of the nitrate fields. 
STRATA IN WHICH NITRATE IS FOILIIED. 
The “chuca” is a loose layer of from 8 to 16 inches in 
thickness, and is composed, generally speaking, of decom- 
posed volcanic rock. 
The “costra” is a mixture of feldspar and other similar 
rocks or the clay and sand products of their disintegration, 
together with sulphates of calcium, sodium, and potassium, 
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and chloride of sodium, and is from 3 to IO feet in thickness. 
It is never less than I foot thick and never more than IS or 
20 feet. It is composed of the same materials as the chuca, 
with the addition of salts which act as cement, making i t  
very hard in places. The composition is principallyof 
clay, salt, nitrate of soda, and sulphates of magnesium, 
calcium, and sodium. 
The caliche, with the exception of very rich lays, is, like 
the costra, a mixture of detritus united by a cement of salts. 
The insoluble constituents of caliche are fragments of vol- 
canic rock and quartz gravel, from the size of fine sand to 
pieces as large as a human head. Caliche is a general term 
applied to all classes of materials containing nitrate, and 
varies greatly from a chemical standpoint; i t  is the CUS- 
tomary term for the material taken from the strata richin 
nitrate. 
GROUPS AND COMPOSITION. 
On account of its formation and origin i t  may be classed 
under four headings: 
(I) In the form of deposits in strata, in veins, and in pock- 
ets resting on loose material and quaternary detritus, and 
covered with a layer of conglomerate salts, gravel, and loose 
earth, these strata measuring from 8 inches to 26 feetin 
thickness. 
(2) In  the form of impregnations which the nitrate and 
its accompanying salts have left in the decomposed sur- 
faces of volcanic rock. 
(3) In the form of fillings in chalky deposits. 
(4) In  the form of efflorescence on the surface of salt 
fields. 
Of these four groups the first one is the only form having 
importance in the production of nitrate. 
There is a great variation in the composition of caliche 
as well as in the appearance, and the nitrate of soda con- 
tained runs from 15 per cent. t o  65 per cent. of the total 
weight, the average running from 25 per cent. to 35 per cent. 
Chloride of sodium is always present and a t  times is found 
in banks as pure crystalline salt. 
IODINE, CONGELO, AND COBA. 
Iodine is the important by-product and occurs as iodate 
of calcium, called “laurita,” and a double salt composed of 
iodate of calcium and chromate of sodium, called “diet- 
zeita.” These are the most important forms; the iodides 
do not appear. The existence of chromic acid gives the 
caliche an orange color and indicates a high lay of iodine. 
The proportion of iodine runs from 0.06 per cent. to about 
5 per cent., z per cent. being considered a favorable amount. 
The “congelo” is found in varying quantities in all dis- 
tricts, and consists of a substance containing compact crys- 
talline masses of chloride of sodium, of iodine, or of sul- 
phates. 
The “coba” is, as a rule, loose earth slightly moist, mixed 
with small rocks or pebbles. Salitre and other saltsare 
contained in very small quantities. The coba rests on vol- 
canic rock, and in places has a thickness of 300 feet. 
The nitrate district is situated in the rainless belt, and 
although heavy fogs are often present it seldom rains. 
EXTRACTION OF NITRATE OF SODA. 
Before beginning actual work in the calicheras, or areas 
of deposit of the caliche, an exploration is made by means 
of drilling to find the limits of the area of ground richin 
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nitrates. If i t  is impossible to determine the lay by in- 
spection, a blast is placed to further open up the workings. 
An approximate assay is then made, an expert beingable 
to assay 50 to 7 0  samples per day. 
The process of working the calicheras and the extraction 
of the nitrate of soda has varied little since the beginning 
of the industry. A trench is opened by means of continued 
blasting, and the caliche is sorted out of the mass by men 
trained to the work. The caliche is then loaded 011 mule 
carts and carried to  the extraction plant, locally called the 
“mLquina.” Some of the oficinas have small trains and 
locomotives running from the calichera to the miquina to 
perform this part  of the work. On an average one man can 
sort out  from 4,000 to 4,500 pounds of caliche per day. On 
arriving a t  the plant the caliche is dumped into a receptacle 
leading to the crushers, from which i t  is carried in cars up 
a cable incline to the cachuchas, or boiling tanks. 
Here the process consists of a lixiviation of thecrushed 
caliche, at a determined temperature, in a separation or 
settling of the insoluble parts from the solution obtained, 
and, finally, in a precipitation of the nitrate of soda from 
the oversaturated solution by means of crystallization 
In spite of the fact that  this process appears mechanically 
simple, the practical application presents many difficulties. 
SOLUBILITY AND BOILING. 
The solubility of the nitrate of soda varies greatly, on 
account of the different combinations of other salts present 
in the caliche. While a t  ordinary temperatures 85 parts 
of nitrate dissolve in IOO parts of water, the solubility in 
the presence of chloride of sodium lowers to 53 parts, dis- 
solving a t  the same time 26 parts of the chloride. At  a 
temperature of 120O C., IOO parts of water dissolve 220 parts 
of nitrate, while the amount of chloride is reduced to 15 
parts. Sulphate of sodium and the other salts exert a similar 
influence, although not as great. 
The usual type of cachucha or boiling tank is made of 
sheet iron and is from 28 to 3 2  feet in length, from 6 to 9 
feet in width, and of equal depth. Some 6 or 8 coils of 
perforated steam pipe serve to heat the caliche and to fur- 
nish water for the solution, as  well as keeping themixture 
agitated, About 8 inches from the bottom is a perforated 
iron plate acting as  a sieve to keep the refuse, called ripio, 
from leaving the tank with the solution. 
This boiling process continues, a t  a temperature pre- 
determined by assays of the caliche, for a period of from 
twenty to twenty-four hours, when the solution is discharged 
into a settling tank, where it remains for a short time, usually 
fifteen minutes to half an hour, from which i t  is led through 
pipes or troughs to the crystallizing tanks. 
These are usually about I j  feet square with a slanting 
floor, being 33 inches deep on one side and 27 inches on the 
other, with outlet cocks for the agua vieja, or mother liquid, 
at the lowest point, After the solution has been allowed 
to stand some five or more days, the water is drawn off to 
be used again in the boiling tanks, thus avoiding the loss 
of the percentage of nitrate still in solution. 
SHIPPING METHODS-ANALYSES. 
When the sun and atmosphere have completely dried the 
nitrate i t  is sacked, loaded on flat cars, and shipped to the 
nearest port. h a l y s e s  of the ordinary nitrate as produced 
b y  this process show the following variations: 
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Component parts. 
Nitrate of soda.. ............. 
Nitrate of potassium. ......... 
Chloride of sodium.. .......... 
Iodate of sodium.. ........... 
Perchlorate of potassium. ...... 
Sulphate of magnesium. ....... 
Chloride of magnesium.. . . . . . .  
Sulphate of calcium. .......... 
Insolubles .................... 
Moisture. .................... 
Per cent. 
94.  I64 
1.763 
,933 
,010 
.282 
,219 
0.289 
. l o2  
,138 
2.100 
Per cent. 
94.245 
1.249 
1 . 1 8 0  
.017 
.239 
.303 
0.342 
.041 
,174 
2.210 
Total..  ................ 100.000 100.000 
Commercial usage calls everything salitre, except moisture 
and insolubles. 
The assaying of the samples of caliche is by a process 
which gives an error of 2 or 3 per cent. which serves its 
purpose, and besides being sufficiently accurate is very rapid. 
I n  an estimate made some time since i t  was stated that, 
in general, to produce from 50,000 to 100,ooo Spanish quintals 
( I  quintal = 101.61  pounds) per month the plant invest- 
ment will be about ,&I per quintal, or about $4.80 per 100 
pounds. 
An estimate on this basis of the cost of an installation 
to produce IOO,OOO quintals per month is as  follows: 
Buildings, including houses for 550 laborers, of whom 
2 5 0  are married, $45,440; extraction plant, complete ma- 
chinery, $266,700 ; mules, harness, carts, merchandise for 
store, sacks, coal, etc., $133,150; to td ,  $445,290. 
On account of the increased price of materials and the 
rise in freights from 30 to jo  per cent. must be added to 
this estimate for the present time. 
The cost of nitrate of soda alongside vessels in the ports 
runs from $1.58 to $1.82 per Spanish quintal, depending 
on the richness of the deposits and the amount of other 
salts in the caliche. 
The method of the extraction of salitre has been severely 
criticised, both as to process and administration, on account 
of the great waste caused by the amount of workable area 
covered by the refuse materials after the blasts and on ac- 
count of the incomplete extraction of the nitrate from the 
caliche worked. Many managers are making a serious 
study to determine better methods of operation. 
COST OF INSTALLATION. 
PAPER CURRENCY, OIL FOR FUEL, AND AVAILABLE NITRATE 
DEPOSITS. 
The fluctuation in* the value of the Chilean currency 
appears to be a source of great disturbance, having fallen 
from 2 5  cents to 14 cents and lately risen again to zzcents 
within the past year. The laborers, being paid in local 
currency, become dissatisfied when, on account of varying 
exchange, the prices rise while the wages remain the same. 
Several strikes have resulted, notably the one in December, 
1907, when some 15,000 men left the Tarapaca Pampa and 
came down to Iquique to make their demands on the agents 
of the oficinas. 
The introduction of oil, instead of coal, as  a fuel is making 
great changes. A company a t  Caleta Buna has successfully 
used Peruvian oil for some time, and recently an American 
oil company has erected a 7,000-ton storage tank in both 
Tocopilla and Taltal. In these ports i t  is used in many 
oficinas, as well as on the railways. Oil will probablybe 
introduced into Iquique in a short time, as the managers 
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of the oficinas using i t  in Tocopilla and Taltal claim a saving 
of from 20 per cent. to 30 per cent. over the use of coal. 
The last report of the delegacion fiscal, or board of govern- 
ment engineers, estimates the quantity of nitrate still avail- 
able to be worked as follows, in Spanish quintals: Tarapaca 
Pampa, ~ ~ o , o o o , o o o ;  Antofagasta, Toco, and Taltal pampas, 
4,1o3,ooo,m. Total, 4,843,000,000. 
MARKETING THE OUTPUT. 
The Antofagasta Pampa was expected to develop rich 
deposits, and heavy investments were made in the matter 
of extraction plants, bu t  exploitation discovered that instead 
of lying in regular strata, as in Tarapaca, the caliche is de- 
posited in irregular patches and in pockets which make 
successful operation of the oficinas a very difficult matter. 
The total output of the iodine has been handled for some 
time by a London firm acting for the nitrate combination, 
and a movement is now on foot to centralize the sale of 
nitrate in the same manner, eliminating brokers and middle- 
men. The success of this scheme depends on the continuance 
of the present nitrate combination, which terminates, ac- 
cording to the agreement at its foimation, on March 31, 1909. 
On account of the drop in the price of nitrate, the combina- 
tion decided that this year’s quota of Fermitted production 
should be reduced to 47 per cent. of the originalamount, 
so that only 3g,500,000 Spanish quintals will be produced 
during the year ending April I ,  1909. Of this amcunt, 
85 per cent. may be exForted between April I and December 
31, 1908. 
CATALYTIC REDUCTION OF FATS AND OILS. 
(From Science, 28, 572, October 23, 1908.) 
About four years ago i t  was shown by Paal and Amberger’ 
that  palladium could be obtained in a particularly active 
colloidal aqueous solution (hydrosol). Subsequently the 
senior author demonstratedZ that this liquid, in presence 
of hydrogen, was capable of causing the catalytic reduction 
of nitrobenzene. The work has now been extended toin- 
clude certain other substances, the most generally interesting 
of which are oleic acid and a number uf oils.4 
The acid, in the form of its potassium salt, is dissolved 
in water and mixed with a small quantity of the palladium 
solution, the liquid being then intrcduced into a gas burette 
containing hydrogen, standing over mercury. Absorption 
of the gas commences immediately and the reaction is com- 
pleted in a few hours. No heating is required. Oleic 
acid, under these conditions, is converted almost quantita- 
tively into stearic acid. Castor oil, dissolved in a mixture 
of ether and alcohol, is transformed into a crystalline fat, 
which softens at  69’ and melts at 7 7 O .  
I t  combines 
with three times the quantity of hydrogen which was an- 
ticipated from its behavior with iodine. The product, which 
in general properties resembles that from castor oil 
is still capable of combining with iodine. Unless, therefore, 
some flaw can be shown to exist in the experiments, i t  will 
be necessary to revise our ideas of the processes which take 
place during the ordinary testing of oils and fats with iodine 
(Hiibl’s method). 
The behavior of olive oil is very peculiar. 
1 Ber.. 37, 124 (1904); 38, 1398 (1905). 
* Ibid., 38, 1406, 2414 (1905); 40, 2209 (1907). 
Ib id . .  41, 2273. 
Ibid., 41, 2282 (1908). 
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Train oil absorbed about 30 per cent. more hydrogen than 
was anticipated. The yield of solid fat was quantitative. 
Before reduction the train and olive oils were converted 
into emulsions with water and a little gum arabic. 
These results promise to be of great importance to plant 
physiologists, because the reactions proceed under con- 
ditions comparable, in a number of respects, with those 
under which similar or identical products are formed in nature. 
To the industrial chemists, the results may also prove to 
be of considerable value; a reasonably cheap method of 
transforming liquid oils into solid fats has been much sought 
after . J. BISHOP TINGLE. 
MCMASTER UNIVERSITY, 
TORONTO, CANADA. 
INDIAN INDIGENOUS DYES. 
(From Daily Consular and Trade Reborts, No. 3318, Oct. 30, 1908.) 
Consul-General William H. Michael, of Calcutta, submits 
the following results in tests of natural dyestuffs of India 
in comparison with chemical dyes: 
Nr. E. R.  n’atson, connected with the Asiatic Society 
of Bengal, has been experimenting with dyes, both indig- 
enous and synthetical, and appears to demonstrate the 
superiority of the former over the latter so fully and clearly 
that i t  would seem the contention in favor of the latter would 
cease. Mr. U-atson experimented with ten vegetable dyes, 
w z . ,  turmeric, or huldi (Curcuma longa) ; safflower, or kusuni 
(Carthamus tinctorius) ; spanwood, or bakam (Caesalpinia 
sappair) ; palas (Butea frondosa) ; annatto, Orleans, or 
lakkam (Hixa orellana) ; majisto (Rubia cordifolia) ; kamala 
(Mallotus philippinensis) ; singher, or harsinghar (Nyctanthes 
arbor-tristis) ; jackwood, jack, or kanthal (Artocarpas 
integrifolia), and lac dye. 
He followed the native methods of dyeing, and had no 
occasion to resort to any European as opposed to India 
method. He used silk cloth purchased from theRajshahi 
diamond jubilee industrial schools, and his success was 
greater than in the case of experiments in dyeing cottoii 
fabrics. The conclusions he arrives a t  are that the indig- 
enous dyes of Bengal are considerably more useful for 
dyeing on silk than for cctton dyeings, and that the dyeings 
obtained are frequently considerably faster on silk than 
on cotton. This, taken in conjunction with the fact that 
many of the commonly used synthetic dyes do not give 
fast dyeings on silk, causes the indigenous dyes to compare 
much more favorably with their synthetic adversaries in 
this field than was the case of the field of cotton dyeing. 
He says: 
The shades obtained from bakam on a tannin-iron mordant, 
from manijisto, from lac, kamala, and jackwood may be 
said to have all-round good fastness, as in no respect does 
any one of these dyeings come lower than I11 in the scale. 
Thus of IO dyestuffs examined 5 have yielded dyeings which 
may be characterized as all-round good. Of the 1 2  synthetic 
dyestuffs used for comparison only 4, viz., alizarine, primuline, 
chrysophenine, and magdala red are capable of yielding dye- 
ings which may by the same criterion be similarly charac- 
terized 
My work would lead me to form a somewhat higher opinion 
of the value of the kamala as a silk dye than has been recorded 
by A. G. Perkin. The dyeings with lac proved to be faster 
to soaping even than the synthetic dyes which were fastest 
